Genetic improvement is essential to achieve increments in maize (Zea mays L.) grain yield components. It may be obtained through crosses, which enable to exploit the effects of intervarietal heterosis, allelic complementarity, as well as gene actions and effects. This study estimated the components of variance and genetic parameters (REML/BLUP) of an intervarietal diallel to select and predict the best genotypes for maize yield components. The experimental design was randomized blocks containing 60 intervarietal maize hybrids arranged in three repetitions. They were obtained through intervarietal crosses and evaluated in a diallel scheme, where 14 open-pollinated varieties were designated as parentals. Thus, 10 crosses were performed for each hybrid combination to obtain the number of seeds necessary for the competition test. The measured traits were: grain volume relative index, the mass of one hundred grains, and grain yield. The male parents and the additive genetic fraction were determinants for grain volume relative index. Mass of one hundred grains and grain yield were defined by the specific combining ability, and female parents revealed low narrow sense heritability. The female parent Taquarão and male parent Argentino Amarelo presented the best general combining abilities for the measured traits. The specific combining abilities were expressed for crosses AL 25 x Dente de Ouro Roxo, AL 25 x BRS Pampeano, and Taquarão x Argentino Branco. Genetic estimates and predictions were consistent and applicable to breeding programs and could be applied in future quantitative genetic studies of maize.
INTRODUCTION
In the maize genetic improvement (Zea mays L.), many traits are determined by quantitative inheritance, being controlled by a large number of genes highly influenced by environmental conditions, which culminates in the low heritability of these traits in the progenies (Allard, 1971) . Unquestionably, achieving higher yielding genotypes is the goal of many plant breeders. However, germplasm choice, parental combining ability, environmental effects, and selection strategies are some obstacles to obtaining high genetic potential genotypes (Falconer and Mackay, 1996) .
Several maize breeding programs use open-pollinated varieties (OPVs) as a source of genetic variability and favorable alleles of target traits. Researchers report that OPVs may be economically viable, reveal phenotypic plasticity, and present wide adaptability to growing environments; however, low yield may occur (Pípolo et al., 2010) . Increments in yield components may be achieved through crosses, which enable to exploit the effects of intervarietal heterosis, allelic complementarity, as well as gene actions and effects (Hallauer and Miranda Filho, 1995) .
The diallel analysis provides essential parameters for selection, reveals the contribution of additive effects through the general combining ability (GCA), and also allows obtaining the specific combining ability (SCA) based on non-additive deviations from the effects of dominance and epistasis (Vencovsky, 1987) . The inferences made in maize breeding are based on measurements of phenotypic traits, indicating the availability of consistent genetic information with less environmental influence essential to the breeder. It is possible to determine the parentals' additive genetic contribution to the progenies, and also to estimate parameters that quantify the trait inheritable fraction (Borges et al., 2010) . Reports show that the use of mixed models allows one to obtain variance components and genetic parameters through the restricted maximum likelihood (REML). These models are flexible and may aid selection and genotype prediction through the best linear unbiased prediction (BLUP), making inferences about the genetic value, and new mean (NM) predicted for subsequent cultivation (Resende and Duarte, 2007) . Therefore, the aim of this study was to estimate the components of variance and genetic parameters (REML/BLUP) of an intervarietal diallel to select and predict the best genotypes for maize yield components.
MATERIAL AND METHODS

Plant material
Sixty intervarietal maize hybrids were obtained through intervarietal crosses and evaluated in a diallel scheme, where 14 OPVs were designated as parentals. Thus, 10 crosses were performed for each hybrid combination to obtain the number of seeds necessary for the competition test. The parentals used in diallel crosses (OPVs) and intervarietal hybrids are shown in Table 1 .
Experimental design
The experiment was conducted at the Plant Genomics and Breeding Center of the Federal University of Pelotas. The genotypes were crossed (2014/2015) and cultivated (2015/2016) at the Palma Agricultural Center, in the city of Capão do Leão-RS, Brazil, at alatitude of 31°47'58''S and longitude of 52°31'02''O, with an altitude of 13.2 m. According to Köppen, the climate is classified as subtropical Cfa, and the soil is characterized as Dystrophic Yellow Red Argisol (Embrapa, 2006) .
The experimental design was randomized blocks. The seeding occurred in the first half of December 2015, with a population density of 80,000 plants per hectare. The base fertilization consisted of 350 kg/ha NPK in the formulation 10-20-20. For topdressing, 112 kg/ ha nitrogen in the acidic form was applied at the V4 phenological stage. The control of weeds and pests were carried out preventively to reduce biotic effects in the experimental results. The experimental unit consisted of two lines of 5 m in length, spaced 0.50 m. The harvest occurred in the second half of April 2016, when all genotypes presented foliar senescence. 
Assessed traits
The following agronomic traits were evaluated: Grain volume relative index (GVRI): this index was obtained by random sampling of 10 grains per experimental unit, using a digital caliper to measure grain size (mm). Subsequently, a relative index that allowed to combine information regarding grain dimensions and to infer a single tendency for the estimates was developed, being:
where L is length, W is the width, and T is the thickness of maize grains . Mass of one hundred grains (MHG): eight subsamples of one hundred grains were stratified to measure the mass through a digital scale. The results composed the trait average for the experimental unitand are reported in grams (g).
Grain yield (GY): it was measured by harvesting all the experimental unit spikes where mass was measured. The magnitude verified was corrected for the mass of grains per plant and humidity of 13%; then, the results were adjusted for the population density used, being the trait expressed in kg/ha (Carvalho et al., 2014) .
Statistical analysis
The data were subjected to the Shapiro and Wilk (1965) normality test, and deviance analysis was performed (P ≤ 0.05) by the chi-square test (χ 2 ) to identify the traits with significance. To estimate variance components and genetic parameters (individual REML) of the intervarietal diallel, the model 87, developed by Resende (2007) , was used. The statistical model y = Xr + Zm + Wf + Tc + e was followed, where y is the data vector, r is the effect of repetitions (fixed), m is the effect of intervarietal male parents, f is the effect of intervarietal female parents (random), c is the effect of SCA between intervarietal parents; e is the residue effect (random).
The genetic variance of the male parent (σ 2 gm), genetic variance of the female parent (σ 2 gf), mean additive genetic variance (σ 2 a), variance of the specific intervarietal combining ability between two parents (σ 2 sca), residual variance (σ 2 e), individual phenotypic variance (σ 2 p), narrow sense heritability of the intervarietal additive effects for the male parent (ĥ 2 mg), narrow sense heritability of the intervarietal additive effects for the female parent (ĥ 2 fg), narrow sense heritability of the intervarietal average additive effects between parentals (ĥ 2 a), coefficient of determination of the SCA effects (C 2 sca), genotypic coefficient of variation among progenies (CVg), coefficient of residual variation (CVe), and the overall mean of the experiment were estimated.
Single BLUP were estimated to obtain the mean components of the general intervarietal combining ability, and to select the best intervarietal parents (male and female), to estimate the specific intervarietal combining ability, to rank the genotypes (R) to evidence the predicted genetic effects (G), predicted additive genetic value (U+G), percentage of genetic gain with selection (Gain%), and NM. The analyses were performed using the Selegen statistical software (Resende, 2007) .
RESULTS AND DISCUSSION
Deviance analysis revealed significance for GVRI, the MHG, and GY to 5% of probability by the chi-square test (Table 2) . Thus, the estimates of variance components and genetic parameters present reliability and consistency for the measured traits in the 60 intervarietal maize hybrids. The GVRI gathers the dimensions of maize grains and may aid selecting genotypes of wide, long, and thick grains, being possible to increment their mass and indirectly, the genotype yield. The number of grain rows in the spike and number of grains per row influenced grain width and thickness. Otherwise, the ratio between spike and cob diameter interacts with grain length. Greater dimensions may result in increments of endosperm reserves and heavier grains (Vazquez et al., 2012) . σ 2 mg: genetic variance of the male parent, σ 2 fg: genetic variance of the female parent, σ 2 a: mean additive genetic variance, σ 2 sca: variance of the specific combining ability between two parentals, σ 2 e: residual variance, σ 2 p: individual phenotypic variance, ĥ 2 mg: narrow sense heritability of intervarietal additive effects for the male parent, ĥ 2 fg: narrow sense heritability of intervarietal additive effects for the female parent, ĥ 2 a: narrow sense heritability of the mean intervarietal additive effects between parentals, C 2 cec: coefficient of determination of the specific combining ability effects, CVg(%): coefficient of genotypic variation between progenies, CVe(%): coefficient of residual variation, Overall mean: experiment overall mean. GVRI, grain volume relative index; MHG, the mass of one hundred grains; GY, grain yield.*,**Deviance to 5% of probability by the chi-square test.
The GVRI phenotypic expression (σ 2 p) was determined by 48.4% of additive genetic effects (σ 2 a), even occurring genetic increments to the trait due to intervarietal crossings, it is noticed the absence of uniformity in the genetic contribution between parentals, where 18.5% of the phenotype (σ 2 p) was originated from the male parent genetic fraction (σ 2 mg), and only6.0% was from the female parent (σ 2 fg). The SCA contribution (σ 2 SCA) was inferior to 1.0%; thereby, the broad genetic base used for intervarietal maize breeding preconized the additive effects and favorable genes to the trait, with smaller emphasis to dominance deviations intrinsic of SCA estimates (Paini et al., 1996) . For this trait, it was possible to infer that the pollen donor parent (σ 2 mg) was superior, partitioning 37.2% of the total genetic effects into the additive genetic variance (σ 2 a). Therefore, it is implicit that dominance deviations act jointly and randomly to additive effects in intervarietal maize crosses.
Regarding the narrow sense heritability (ĥ 2 ) for GVRI, a divergence in the effects of parentals' magnitudes was observed, where high narrow sense heritability (ĥ 2 mg:0.72) was verified for intervarietal additive effects of the male parent. Otherwise, low magnitudes (ĥ 2 fg:0.24) were revealed for the female parent. Regarding maize breeding, Hallauer and Miranda Filho (1995) classified the heritability as high (ĥ 2 >70), mean or intermediate (30< ĥ 2 <70), and low (ĥ 2 <30). The results for these parameters may occur due to the higher additive genetic contribution of the male intervarietal parent (σ 2 mg) on the trait phenotypic expression. Thus, a greater heritable fraction on the progeny may be achieved using the best parentals for the trait GVRI, which enable the higher additive genetic contribution in the crossing.
The mean narrow sense heritability between parentals (ĥ 2 a: 0.48) presented intermediate magnitude, indicating that maize breeding methods aiming to achieve elevated GVRI intervarietal hybrids become possible through the mean additive genetic effect of the parentals. In a study involving crosses of six OPVs, low narrow sense heritability (ĥ 2 : 0.10) was observed for grain length, width, and thickness . The coefficient of genotypic variation (CVg: 6.94%) verified for intervarietal hybrids evidenced variability, being 57.3% of the GVRI total variation occurring from the total genetic fraction present among genotypes.
The GVRI overall mean was 20.94 for the 60 intervarietal hybrids, corresponding to grains with 12.0 mm long, 10.1 mm wide, and 4.6 mm thick.
The MHG phenotypic performance (σ 2 p) was influenced 12.7% by the parental SCA (σ 2 SCA), being this contribution superior to the one observed for the additive genetic fraction (σ 2 a:7.1%), male parent (σ 2 mg:0.9%) and female parent (σ 2 fg:2.6%). The additive genetic proportion (σ 2 a) evidenced on the progeny was 36.5% due to the female parent genetic effects (σ 2 fg), and 13.2% from the pollen donor parent (σ 2 mg). The MHG of the intervarietal progenies may be increased, identifying which hybrid combination is complementary for favorable alleles to the trait, being essential to choose the female parent (OPV) carefully. Reports indicate that the efficient selection of crosses in diallel, growing environment, geneaction, and effects may determine the GCA and SCA for maize grain mass .
The female parent narrow sense heritability for the MHG was low (ĥ 2 fg: 0.10).However, it was the highest value for this trait. In intervarietal progenies, the narrow sense heritability (ĥ 2 : 0.06) was low for endogamic lines, the broad sense heritability (H 2 :0.60) was intermediate (Soares et al., 2011) . Ina study comparing 10OPVs, a high broad sense heritability (H 2 :0.87) for the mass of a thousand grains was obtained .
The coefficient of determination magnitude of the SCA (C 2 sca) effects indicates which strategy should be preconized to improve the trait. Elevated coefficients relate the achievement of better genotypes through heterosis, dominance, overdominance, and epistatic effects. On the other hand, low magnitudes expose the breeder to strategies that prioritize additive genetic effects, narrow sense heritability, and GCA. The results of this study (C 2 sca: 0.12) revealed low coefficient for the MHG. Therefore, the achievement of superior intervarietal genotypes may be grounded on additive genetic gains. There was variability (CVg: 6.90%) for this trait; however, the genetic effects contributed only 43.2% of the total variation for the MHG.
The GY phenotypic proportion (σ 2 p) was promoted by 79.7% of the SCA effects (σ 2 sca) between parentals. The additive genetic fraction (σ 2 a) was influenced by 43.5% of genetic effects from the female parent (σ 2 fg). Otherwise, only 6.5% were due to the male parent (σ 2 mg). The variance components indicate the existence of specific intervarietal hybrid combinations that increase GY; however, additive genetic gains are more remarkable when a superior female parent is used. A high SCA is originated from dominance deviations, epistatic effects, heterosis, and by the presence of favorable alleles for GY (Hallauer and Miranda Filho, 1995) . Besides achieving gains by heterosis, the intervarietal breeding may generate new populations of favorable allelic frequency, the potential for line extraction and, hereafter, hybrids (Pfann et al., 2009) .
The narrow sense heritability for the male parents (ĥ 2 mg), female parents (ĥ 2 fg), and mean between parentals (ĥ 2 a) were low for GY. According to Hallauer and Miranda Filho (1995) , the narrow sense heritability for this trait is low (ĥ 2 :0.18). A study comparing 28 maize genotypes grown in eight environments revealed low broad sense heritability (H 2 :0.23) for GY . The coefficient of determination of the SCA (C 2 sca: 0.79) was elevated for GY, preconizing non-additive effects (dominance, overdominance, and epistasis). The genotypic coefficient of variation (CVg: 31.1%) of GY was higher than the residual (CVe: 15.36%) that evidenced high genetic variability among intervarietal hybrids due to the number of studied genotypes and their different genetic bases. Reports indicate that the ratio between the genotypic and residual coefficient of variation (CVg/CVe), when equal or superior to the unit, reflects the predominance of genetic effects, and the population may promote gains towards trait improvement (Vencovsky, 1987) .
The estimated effects (individual BLUP) for the GCA with14 OPVs and 60 intervarietal hybrid combinations were considered (Table 3) . As a criterium for inference regarding parents (maternal and paternal), the percentage of genetic gain with selection (Gain %) equal to or higher than 10.0% was used for all evaluated traits.
The GVRI showed that the genotypes Taquarão, AL25, Cateto Amarelo, and Argentino Branco, when selected as the female parent, presented a predicted genetic gain of 22.8, 17.8, 13.2, and 10.9%, respectively. However, the selection for the best male parent indicates that the genotypes Dente de Ouro Roxo, Branco Oito Carreiras, and Argentino Amarelo provide a predicted genetic gain of 28.1, 16.4, and 12.1% for this trait.
To increase the dimensions of maize grains in intervarietal progenies, the GCA of selected parents may be exploited, comprehending which genotypes should be used as pollen donor or recipient, and still to achieve the highest additive genetic gain for the trait. The selected female parents evidenced new predicted overall mean (NM) of 21.7 and male parents of22.6 for the GVRI. Therefore, the effective choice of the parents imposes a genetic gain when compared to the overall trait mean of 3.6 and 7.9% for the female and male parents, respectively. Regarding MHG, it was possible to determine that genotypes AL25, Taquarão, BRS Pampeano, and AL30 obtained predicted genetic gains of 16.7, 14.0, 13.1, and 11.1% when used as female parents. The selection of paternal parents revealed a predicted genetic gain of 18.1, 16.1, 14.1, and 11.3% for the genotypes BRS Pampeano, Branco Oito Carreiras, Argentino Amarelo, and BRS 473. The grain mass gains verified in these genotypes may be because they have been previously improved, which increase the frequency of favorable alleles and the complementarity of their additive effects on the intervarietal progenies. Studies using 10OPVs define that, in average, these genotypes show a larger MHG when compared to single-and double-cross maize hybrids .
OPVs and intervarietal hybrids may be economically more viable, with low production costs, phenotypic plasticity, broad adaptability, more tolerant to some diseases, and GY pondered by their level of breeding and management (Carpentieri- Pípolo et al., 2010) . The selected female parents achieved a new predicted mean (NM) of 38.0 g, and the male parents, of 38.3 g for the MHG. By using the best parentals, it was possible to obtain a predicted genetic gain of 1.6% for female parents and 0.8% for male parents, when compared to the trait overall mean.
GY indicates that genotypes Argentino Amarelo, Taquarão, AL30, BRS Pampeano, and Bico de Ouro showed the highest predicted genetic gains of 17.7, 15.0, 12.9, 11.7, and 10.6% when used as female parents, respectively. By selecting male parents, it was possible to determine predicted genetic gains of 24.8, 16.2, 12.5, and 10.0% for BRS Pampeano, Dente de Ouro Branco, Argentino Amarelo, and Caiano Rajado, respectively. The estimates suggest that even selecting the best female and male parents through the GCA, the genetic increase expressed by the trait predicted mean in the intervarietal progeny was lower than 1.0% when compared to GY overall mean. Therefore, higher probabilities of identifying superior hybrid Table 3 . Estimates of means for intervarietal general combining ability (GCA), and selection of intervarietalparentals (individual BLUP) for grain volume relative index (GVRI), the mass of one hundred grains (MHG), and grain yield (GY). combinations are evidenced through the SCA, exploiting dominance deviations, epistatic effects, and intervarietalheterosis. The mean component estimation by BLUP for the SCA evidenced, for GVRI, that 43 intervarietal hybrids obtained a new predicted mean (NM) above the overall mean (Table 4) . Otherwise, only 22 genotypes showed increases due to genetic effects (G) positively influencing the predicted genetic value (U+G). Maize breeding lacks the genetic values for interest traits; thereby, the use of BLUP predictions allow sone to understand and select promising genotypes through information that reveals the true genetic value and minimizes estimate distortions due to environmental effects (Borges et al., 2010) . The predictions for GVRI determine that higher SCA were obtained by the crossing between the female parent AL 25, and male parent Dente de Ouro Roxo (AL25_x_DOR), revealing, for the predicted additive genetic value (U+G) and NM (21.01), superiority to the other genotypes. The achievement of intervarietal genotypes with greater grain dimensions also may occur through the crosses BRS Pampeano and Branco Oito Carreiras (PAM_x_ OCB), Taquarão and Caiano Rajado (TAQ_x_CR).However, these crosses presented smaller additive genetic gain in the progeny.
Regarding MHG, 57 intervarietal hybrids revealed that the new predicted mean (NM) was higher than the trait overall mean. Besides, increments due to predicted genetic effects (G) and additive genetic effects (U+G) were evidenced for 26 intervarietal hybrids ( Table  5 ). The best SCA estimates were expressed for the female parent AL25, and male parent BRS Pampeano, which achieved genetic gain with a selection of 8.8%, and the NM of 43.72 was similar to the predicted additive genetic value (U+G). The NM predicted by BLUP will present proximity to the trait magnitude in the new harvest. However, whether the estimate of predicted additive genetic value (U+G) is close to the NM, there is a high probability of this prediction to be consistent (Borges et al., 2010) . The increment in grain mass on intervarietal progenies may also be achieved with crosses between AL30 and BRS 473 (AL30_x_473), BRS Missões and Branco Oito Carreiras (BRSM_x_OCB), BRS Pampeano and Branco Oito Carreiras (PAM_x_OCB), which reveal genetic gains of 6.0, 5.0, and 4.5%, respectively. Higher additive genetic effects were verified for the MHG when an OPV with a certain degree of breeding for agronomic traits of interest was used as a female parent. In the ranking of better genotypes for SCA, superior results were achieved when the crossing was performed between two OPVs previously breed, being them complementary for favorable alleles controlling the mass of grains.
Regarding GY, 59 intervarietal crosses presented NM superior to the trait overall mean (Table 6 ). However, only 27 genotypes were benefited by these positive genetic effects (G) of the crossing. The SCA revealed higher predicted additive genetic effect (U+G) for the crossing Taquarão and Argentino Branco (TAQ_x_ARB), with a new predicted mean (NM) (12631.1 kg/ha) 78.1% superior to the trait overall mean. Some crosses presented productive potential. However, smaller genetic effects were verified through the hybrid combinations Cateto Amarelo and BRS Pampeano (CAM_x_PAM), AL25 and Branco Oito Carreiras (AL25_x_ OCB), Argentino Amarelo and Taquarão (ARA_x_TAQ), where all these combinations evidenced genetic gains with selection superior to 4.0%, compared to the other genotypes. With the results presented in this study, it was possible to comprehend the additive genetic proportions and parameters essential for maize breeding, and also to determine which approaches regarding combining ability may be carried out to achieve intervarietal hybrids of superior yield components. The exposed inferences can be used in maize intervarietal breeding programs and quantitative genetic studies that use mixed models for genotype prediction.
